Introduction
Our understanding of the genetic control of sex determination in Drosophila is rapidly progressing as far as somatic cells are concerned. A primary chromosomal signal, formed by the number of X chromosomes relative to sets of autosomes, the so-called X:A ratio, regulates the key gene Sxl (Sex-lethal), which in turn controls a small cascade of regulatory genes. The state of activity of Sxl, via fra (transformer), tra-2 (transformer-2) and ix (intersex) regulates dsx (double-sex) on whose differential expression all aspects of somatic sex eventually depend (for review, see Nijthiger and Steinmann-Zwicky, 1985; Baker et al., 1987; Wolfner, 1988) . Disappointingly little, however, is known about how sex is determined in the germ line. In principle, two mechanisms can lead to oogenic differentiation in females and spermatogenic differentiation in males: Sex determination in the germ line may either rely on cell-autonomous genetic information, or it may be imposed on the germ cells by inductive somatic signals. Our aim was to find out which mechanism determines the sex of the germ cells in Drosophila.
In Drosophila, the progenitor cells of the germ line are the so-called pole cells that form at the posterior pole of the preblastoderm embryo. They can be transplanted from donor embryos into host embryos where they may become integrated into the developing gonad (Illmensee, 1973) . Several experiments (Illmensee, 1973 (Illmensee, , 1978 Van Deusen, 1976; Marsh and Wieschaus, 1978; Schiipbach, 1982 Schiipbach, , 1985 have shown that functional eggs were only formed by XX cells in ovaries, and functional sperm only by XY cells in testes. The fate of XX and XY germ cells in gonads of the opposite sex remained unknown, although it was-somewhat precipitately-inferred that they had cell-autonomously entered the oogenic and spermatogenic pathway, respectively (Van Deusen, 1976) . In these experiments, the hosts had a chimeric germ line composed of genetically marked host and donor germ cells that could only be distinguished when they gave rise to progeny displaying the corresponding genetic markers. Since the test only allowed the detection of functional gametes, the authors were unable to tell whether germ cells differentiated cell-autonomously in a heterosexual host or were forced to undergo nonfunctional sex-reversion, or were eliminated due to developmental competition and interference between donor and host cells.
We have now analyzed the fate of XY germ cells in ovaries of pseudofemales; these are XY animals that are genetically transformed into phenotypical females (McKeown et al., 1988) . We have also performed pole cell transplantations.
In these experiments, we wanted to follow the development of germ cells in host gonads of opposite sex by direct observation, and score their sex and developmental performance. To this end, we constructed mosaic animals whose germ line consisted exclusively of donor cells. This was achieved by using host embryos that were devoid of germ cells because their mothers were homozygous for a mutation with a maternal effect, oskar (os~~~~) , that prevents the formation of pole cells (Lehmann and Nusslein-Volhard, 1986 ). The only germ cells present in such hosts are those transplanted from donor embryos.
It has been known for some time that the genes @a, ffa-2, ix, and dsx, which control somatic sex determination in Drosophila, are not involved in determining the sex of the germ line (Marsh and Wieschaus, 1978; Schtipbach, 1982) . The key gene Sxl, which regulates both somatic sex determination and dosage compensation (Cline, 1978 (Cline, , 1984 Lucchesi and Skripsky, 1981; Sanchez and Nothiger, 1982, 1983; Gergen, 1987) is required for proper oogenesis (Schupbach, 1985; Perrimon et al., 1986; Salz et al., 1987; Steinmann-Zwicky, 1988) . But since this gene has at least two different functions, it is not clear whether it is needed for determining the sex of the germ line or for some other function. To test whether the state of activity of Sxl dictates the sexual pathway to germ cells, we transplanted pole cells with either wild-type or amorphic (loss of function) or constitutive (gain of function) alleles of Sxl.
Our results show that a genetic signal, given by the X:A ratio, and an inductive signal, produced by the soma, both act through Sxl to achieve sex determination in germ cells.
Results

XY and X0 Germ Cells Enter the Male Pathway in Ovaries of Pseudofemales
The transcript of the sex-determining gene tfa (tfansformer) is alternatively spliced in males and females SO that a translatable mRNA is only made in females (Boggs The age of the flies is given in days after emergence. "No germ cells" means that the ovaries were either empty or contained degenerating material in which no cells could be recognized. et al., 1987) . In a recent paper, McKeown et al. (1988) reported that a construct consisting of the female-specific cDNA of tra under control of the hsp70 promoter (hs-trafemale) transforms XY animals into females. The authors write that "such flies are invariably sterile, because their germ lines are not transformed to femaleness? We have examined the ovaries of such pseudofemales and found that they contain spermatocytes (Table 1) . Pseudofemales of genotype X0 (data not shown) displayed the specific crystals that are formed when spermatocytes develop without a Y chromosome (Meyer et al., 1961) . The shape of these crystals is dependent on the allelic state of an X chromosomal locus (see Experimental Procedures). Genotype FA.@/Oformed star-shaped crystals, whereas pseudofemales with a wild-type X chromosome formed spermatocytes with needle-shaped crystals. When XY or X0 pseudofemales were mated to fertile males, they frequently had motile sperm within their ovaries. This was never observed in virgin animals, which shows that the sperm were transferred by males and that they found their way through the gonoducts into the ovaries where they remained motile. Our analysis shows that germ cells with only one X chromosome enter the spermatogenic pathway in ovaries of pseudofemales, but do not complete it even if a Y chromosome is present.
From the observations that cells with one X chromosome form spermatocytes in ovaries of pseudofemales, one could conclude that germ cells have an inherent genetic signal to determine their sex. The analysis of pseudofemales, however, may not give a reliable result. Many ovaries that we examined were morphologically abnormal, and about 10% were partly covered with the yellow pigment that is typical for testes. The somatic XY tissue, although sexually transformed by the hs-&a-female construct, may still possess some male functions, one of which could be to induce spermatogenesis.
The complementary situation is provided by pseudomales, i.e., XX animals that are transformed into phenotypical males by mutations causing loss of function of fra or fra-2. Their testes were found to contain both spermatogenie and oogenic germ cells (Seidel, 1963 ) . In the following text, we will strip the results from the genetic terminology as far as possible, and include the details of the genetic argumentation in the legends to the tables. The first set of results is summarized in Table 2 . The 13 fertile females gave progeny of both sexes whose genetic markers disclosed that all these females had received pole cells with two X chromosomes. The seven host females that were sterile, but had fully developed ovaries with mature eggs, must also have received germ cells with two X chromosomes (see below).
The males that were fertile produced sons and daughters exhibiting the expected X-linked and Y-linked markers. This result shows that the germ cells of all these males had an XY karyotype. If pole cells with two X chromosomes had produced functional sperm, the cross would have yielded a unisexual progeny of only daughters.
XY Germ Cells Enter the Male Pathway in Ovaries, but So Do XX Germ Cells in Testes Thus far, our results confirm earlier reports that no functional gametes are formed in heterosexual combinations of germ line and soma. The sterile hosts now proved more interesting and informative. Many hosts had small and agametic gonads because they did not integrate the transplanted germ cells. The ovaries of 24 females of series 2, however, were somewhat enlarged and contained cysts that were filled with spermatocytes ( Figure IA) . Between 30 and 1000 cells were present in a cyst; some were small undifferentiated germ cells, others were clearly spermatocytes, many cells were degenerating. Crystals, which are formed when spermatocytes develop without a Y chromosome (Meyer et al., 1961) were never observed in this experiment. We conclude that a Y chromosome was present and active, and that the spermatocytes were of genotype XY and had cell-autonomously chosen the male pathway. This conclusion is supported by the experiments of series 4 and 5 (Table 3) in which X0 germ cells developing in ovaries formed spermatocytes with crystals ( Figure 1E) . Table 2 lists ten sterile males. Two of these had testes of normal size and shape with immotile sperm and with many degenerating spermatocytes, and the one of series 2 produced crystals. Eight males had small testes that were uncoiled or only partially coiled, containing mostly degenerating spermatocytes; two of these formed crystals (Figure 16 ) whereas in the remaining six spermatogenesis was arrested at a stage before crystals could form. The All chromosomr\es carry the wild-type allele .9x/+. The donor embryos derived either from y v f' ma/b2 females crossed to XY, y Y f' mafbz/y+Y.ma/+ males (series I), or froaa wild-type Oregon R stock (series 2). In series 1, the female donor embryos carried the maternal X chromosome and the paternal attached XY, both marked with y v f1 malbz; the male donor embryos carried the maternal X marked with y v f' malbr and the paternal Y chromosome that was marked with the wild-type alleles y+ and ma/+. In the text, we conclude that functional eggs were only formed by XX cells. If XY germ cells had developed into functional oocytes, we would have seen sons carrying the doubly marked Y chromosome y+ Y.ma/+ (series l), or displaying the X-linked mutations of the tester male (series 2). No such sons were observed. Not mentioned in the text is the formal possibility that spermatocytes with crystals would also be observed if the transplanted germ cells had been X0 due to meiotic nondisjuction, and not XX. But we reject this possibility because we would have to assume a frequency of meiotic nondisjunction that would be about two orders of magnitude higher than expected by experience, and because X0 germ cells would consistently produce mature immotile sperm.
crystals show that no Y chromosome is present, which leads us to conclude that the spermatogenic ceils in these males were of genotype XX. This experiment then demonstrates that XX germ cells enter the male pathway in a male environment. This first set of results tells us that the germ cells do have an inherent genetic signal to determine their sex, since XY cells enter spermatogenesis independently of the sex of the host. Nevertheless, an inductive signal also exists. This is either a male-determining signal that forces all germ cells into spermatogenesis in a male environment, or it is a female-determining signal that is required for XX cells to enter the female pathway. Thus, sex determination in the germ line is subject to two components: a cell-autonomous signal provided by the X:A ratio, and an inductive signal produced by somatic cells. The Role of Sxl A possible target for the sex-determining signals is the gene Sxl (Sex-lethal) which is known to be necessary for normal oogenesis (Schtipbach, 1985; Perrimon et al., 1986; Salz et al., 1987; Steinmann-Zwicky, 1988) . If the signals regulate Sxl in the germ line, the state of activity of this gene alone could dictate the female or the male pathway to the cells. We thus decided to test this hypothesis by transplanting pole cells that were mutant for an amorphic (lack of function) allele, Sxl", or for a constitutive (gain of function) allele, SxIM1 (Cline, 1978) . The gene Sxl, located on the X chromsome, plays a key role in controlling dosage compensation and somatic sex determination. It is well established that its state of activity in somatic cells is regulated by the X:A ratio (Cline, 1978) . Lack of function of Sxl, e.g., Sxlfl, is lethal to XX animals because dosage compensation is abolished (Lucchesi and Skripsky, 1981; Gergen, 1987) , but is compatible with survival in cell clones, which in the soma are sexually transformed and produce male structures (Sanchez and Nothiger, 1982) . Constitutive expression of Sxl, e.g., SxlM1, leads to lethality of XY or X0 animals, and in somatic cell clones it can cause differentiation of female structures by X0 cells (Cline, 1979) .
The results of our pole cell transplantations involving Sxl mutations are given in Table 3 . We will focus on the main points, leaving the details to the careful reader of the table.
When XX Germ Cells Lack Sxl+ Activity, They Enter Spermatogenesis Even in Ovaries, and When They Carry the Gain of Function Allele SxP, They Enter Oogenesis Even in Testes The three series together produced 66 females whose ovaries had integrated transplanted germ cells (Table 3A) . In 23 females, oogenesis was normal: when test-crossed, these females produced offspring whose phenotypes clearly revealed the XX karyotype and the genotype of the donor germ cells. The ovaries of the other 43 females were small: in six cases they contained mainly undifferentiated cells and young spermatocytes whose karyotype could not be determined; in 37 cases, however, the size of the spermatocytes, presence and shape of crystals, or absence of crystals, allowed us to infer the genotype of the transplanted pole cells. We see that XY or X0 cells enter an abortive spermatogenic pathway, confirming our results of series 1 and 2. We now come to the interesting and conclusive genotypes, which are surrounded by boldface lines. The ovaries of eight females (one in series 3, seven in series 4) contained small spermatocytes. The they must have two X chromosomes and must be homozypresence of needle-shaped crystals showed that the one gous for the null allele SxP. Absence of crystals in the in series 3 had germ cells without a Y chromosome and spermatocytes of the other seven hosts showed that the that the balancer chromosome FM6, which would have paternal Y chromosome was present, and therefore also cause star-shaped crystals, was not present. Therefore, the paternal X chromosome that is attached to the Y. These germ cells must have two X chromosomes and be of genotype X, SxP/xrj! SxP ( Figure 1C ). The results demonstrate that germ ceils with two X chromosomes enter the male pathway, even in an ovary, when they lack Sxl+ function. In series 5, eight females contained spermatocytes with needle-shaped crystals, which identifies genotype X, SxlM1/O. Thus, the mutation SxPl, which has been described to express the female SxP function constitutively in the soma (Cline, 1979 ) is unable to direct X0 germ cells into the oogenic pathway, even in an ovary.
The results for the male hosts are given in Table 36 . The 16 males of series 3 were not test-crossed, but the presence of motile sperm indicates that they were of karyotype XY. Similarly, well-developed but immotile sperm and crystals in 28 males of series 4 and 5 (7+8 and 5+8) reveal the X0 karyotype of these males, and the shape of the crystals points out their genotype. The five males (series 5) in which germ cells of genotype X, SxPVO formed immotile sperm confirm Cline's (1983) results that SxP' has no effect on germ cells with an X:A ratio of 0.5. Two genotypes are of special interest and relevance (boldface boxes). In series 3, the two males carrying germ cells with two X chromosomes that are homozygous for the null allele SxP, and therefore should be male, nevertheless do not proceed beyond the spermatocyte stage. The most surprising result, however, is provided by the seven males that received pole cells with two X chromosomes and the mutation SxP. Their testes contained oogenic clusters consisting of 15 nurse cells and an oocyte ( Figure ID) . The most advanced oogenic stage was stage 7, which is the last stage before yolk uptake (King, 1970) . Oogenesis in testes was never observed in the other four transplantation series. Thus, XX germ cells, which consistently entered spermatogenesis in testes, can now choose the female pathway if SxP is present.
Discussion
The general conclusions from our experiments are that the germ cells of Drosophila have an inherent genetic sex, specified by the X:A ratio; that XX cells obey inductive somatic stimuli; and that both these signals act through Sxl to determine the sex of the germ line. The evidence for these statements is summarized in Table 4 .
The X:A Ratio Represents a Cell-Autonomous Genetic Signal The formation of spermatocytes by XY and X0 cells in ovaries is clear evidence for cell-autonomous expression of the X:A ratio. Germ cells with two X chromosomes, however, undergo spermatogenesis in testes. Two alternatives can explain this observation: one, the X:A ratio is the genetic signal that determines the sex of the germ cells, but XX cells can respond to a male-determining inductive signal that forces them to initiate spermatogenesis in a male environment; two, the sex of XX and XY (X0) germ cells is male, and XX cells require the inductive signal from an ovary to enter the female pathway; XY and X0 germ cells are insensitive to this signal.
XX germ cells have been observed to enter spermatogenesis not only after pole cell transplantation, but also in pseudomales.
These are XX animals whose somatic cells are sexually transformed into male by mutations at sex-determining genes, such as tra, Pa-2, or dsxD; as shown by pole cell transplantation, these mutations have no effect in the germ line (Marsh and Wieschaus, 1978; Schiipbach, 1982) . The testes of such pseudomales may contain spermatocytes and, rarely, even spermatids and sperm. But, and this is now important, these testes may also contain oogenic stages, clearly recognizable as cysts with nurse cells and an oocyte (Seidel, 1963 ; R. Nbthiger, M. Jonglez, M. Leuthold, f? Meier-Gerschwiler, and T Weber, unpublished data). Oogenesis by XX cells in testes of pseudomales, and spermatogenesis by XY cells in ovaries, suggest that the germ cells have an inherent genetic sex which they can express autonomously. According to this hypothesis, germ cells of genotype XX and XXY are forced into the male pathway in a male environment. This is done very efficiently in XY hosts in which we never observed any oogenic stages, but pseudomales are less effective with their inductive signal. It thus appears that the soma of pseudomales provides an environment that is not perfectly male. This is also supported by the finding that XY pole ceils, when transplanted into pseudomale hosts, do not develop functional sperm (Marsh and Wieschaus, 1978) , or only very rarely (Schtipbach, 1985; H. Schmid, unpublished data) . But the data are also compatible with the second hypothesis. We then have to assume that the testes of pseudomales are still somehow "female" and capable of giving a weak female-determining signal that enables some XX cells to enter oogenesis. Since experiments to distinguish between the two alternatives are presently not possible, we will treat both hypotheses as equivalent.
If the male environment produces an inductive signal, it must emanate from the testicular soma. This statement is based on observations with sexually mosaic flies, such as gynandromorphs (Szabad and Fajszi, 1982) and triploid intersexes (genotype 2X:3A) (Lauge, 1969) . These are animals that are randomly composed of male and female tissue. If the inductive influence came from nongonadal somatic tissue, the XX germ cells in gynandromorphs, and in particular the genetically more labile 2X:3A germ cells in the triploid intersexes, should respond by initiating spermatogenesis.
This was not observed. Rather, a normal ovary with mature eggs can develop side by side with testicular and other male somatic tissue. This rules out long-range or humoral influences and leaves us with the notion that it is the intimate contact to the testicular somatic cells that induces the germ cells to enter the male pathway. No corresponding argumentation can be made for the second hypothesis, which postulates a female-determining signal.
Both Signals, the X:A Ratio and the Inductive Factor, Act through Sxi When germ cells with two X chromosomes are homozygous for Sxlr and thus lack a functional Sxl gene, they enter spermatogenesis in ovaries (Table 3A) . But when they carry the constitutive allele SxPl, they enter oogenesis even in testes (Table 36 ). Thus, Sxl activity is required for cells to enter the female pathway, and the constitutive mutation SxP1 enables XX germ cells to escape the testicular induction, or to enter oogenesis even in absence of a female-determining signal. These two results demonstrate that Sxl is necessary and sufficient to direct XX germ cells into the oogenic pathway. We conclude that the Sxl+ function that determines the sex of the germ line is not expressed, or at least not sufficiently expressed, in wild-type XX germ cells when these develop in testes where they enter the spermatogenic pathway. This leads to the further conclusion that the inductive influence of the testicular soma results in repression of Sxl in XX germ cells, or alternatively, that the Sxl genes in XX germ cells are activated by an inductive signal emanating from somatic female tissues.
The data obtained with germ cells with an X:A ratio of 0.5 are more difficult to evaluate. Sxl"l is ineffective in shifting germ cells of X0 genotype into the female pathway. It has been shown previously that X, SxlMIN pole cells develop into functional sperm in a testis (Cline, 1983) , and our results confirm that germ cells of genotype X, SxlM1/O form immotile sperm in a testis and thus behave like X, Sxl+/O. But even in an ovary, SxlM1 does not prevent X0 germ cells from entering spermatogenesis. This means either that activity of Sxl is not sufficient to dictate the female pathway to X0 or XY germ cells, or that SxP is not really constitutively active, or not active to a sufficient level, in X0 or XY germ cells. This is in line with the observation that even in somatic cells SxP' is not capable of dictating the female pathway to all X0 or XY cells (Cline, 1979; Gergen, 1987) . This suggests that activity of SxP is still somehow influenced by the X:A ratio. Recent experiments show that SxP can in fact come under the exclusive control of the X:A ratio when the function of the gene liz is abolished (Steinmann-Zwicky, 1988) . We therefore consider it likely that germ cells of genotype X, SxlM1/O fail to enter oogenesis because this mutation is not, or not fully, constitutive in germ cells with only one X chromosome.
Why Is Spermatogenesis of XX Germ Cells Abortive? The reasons why oogenesis in a testis and spermatogenesis in an ovary are abortive are probably trivial. The gonadal and humoral environment may simply be inadequate to support heterosexual gametogenesis. In males, for example, no yolk polypeptides are made, nor is the cluster of nurse cells and the oocyte surrounded by follicular epithelial cells.
But why do XX and XXY germ cells fail to complete the initiated spermatogenesis in the perfect environment of a testis? When the XX cells carry Sx/+, one could argue that this gene expresses a residual activity that prevents development beyond the spermatocyte stage. But XX germ cells that are homozygous for the amorphic Sxlfl allele are also blocked at the spermatocyte stage (Table 3B) . Thus, the developmental arrest must result from a discrepancy between the cell's karyotype and the inappropriate sexual pathway imposed on it. Similarly, in the mouse, XX germ cells can develop along the male pathway, but the cells degenerate perinatally due to some effect of the two X chromosomes (McLaren, 1985) . Lifschytz and Lindsley (1972) compiled evidence suggesting that the X chromosome of XY animals must be inactivated during a phase of spermatogenesis, and Lifschytz (1972) proposed that XX germ cells are unable to inactivate both their X chromosomes. Alternatively, it could be that dosage compensation does not operate in spermatogenesis so that cells with two X chromosomes suffer from overexpression of X-linked genes. If the male testicular soma represses the function of Sxl that determines the sex of the germ line, it may also inactivate the genes function that regulates dosage compensation. Alternatively, both functions may not become active in absence of a female-determining signal. Compatible with this view is the observation that XX germ cells, whether they are wild-type or deficient for Sxl, differentiate in a very similar way in a testis.
XY and XX Pole Cells Are Integrated and Develop in Gonads of the Opposite Sex This statement is based on the data contained in Tables  2 and 3 . Why did earlier investigations fail to see heterosexual combinations of germ line and soma?
In all previous experiments (Illmensee, 1973; Van Deusen, 1976; Marsh and Wieschaus, 1978; Schiipbach, 1982 Schiipbach, , 1985 Cline, 1983) , pole cells were transplanted into hosts that had a germ line of their own. The donor germ cells thus had to compete with the perfectly adapted germ cells of the host.
It is possible that the relatively few heterosexual donor cells succumbed to competition and were effectively eliminated from the germ cell population or were at least prevented from developing up to sexually identifiable stages. Cell competition in the germ line has been demonstrated before for mosaic females composed of triplo-X and diplo-X cells (Schiipbach et al., 1978) . In her careful study, Schiipbach (1985) never detected any XY germ cells in ovaries of adult hosts, and she concluded that these cells must have been eliminated at some time during development.
A second hypothesis as to why heterosexual combinations were not observed postulated a sexual incompatibility between the soma of the host and the germ line of the donor (Van Deusen, 1976; Gehring et al., 1976) . This view was taken even further by Oliver et al. (1987) who observed that females homozygous for the mutation ovowere agametic; the pole cells were apparently lost during early embryogenesis and never entered the gonadal anlage. Male embryos are not affected by ovo-. The authors speculated that germ cells lacking the ovo gene product might be "male-like" and that male cells are somehow prevented from entering the female gonadal soma. To test this hypothesis, we constructed animals of the genotype X, ovo-/X, ovo-; tra/tra. These flies developed as pseudomales with small testes that were completely agametic. Thus, XX germ cells that lack ovo are eliminated irrespective of the phenotypic sex of the gonad.
Using agametic hosts derived from oskar mothers, we have excluded any possible competition between host and donor germ cells. Under these experimental conditions, both heterosexual combinations occur. The number of female hosts with XX germ cells was the same as that of female hosts with XY spermatocytes (Table 2 ). This shows that the ovarian soma does not interfere with the incorporation and development of male XY germ cells. XX cells in testes, however, are not found as often as XY cells. It is possible that these cells are sick because they are unable to perform dosage compensation, and thus are handicapped and sometimes eliminated. If the testicular male inductive signal represses the function of Sxl that is required to lower the rate of X-chromosomal transcription to a level appropriate for female cells, or if a female signal is required to activate this function, such a result would in fact be expected. In comparison with previous work, however, we want to stress the point that XX cells can integrate and develop in a testis, even if their viability may be lower than that of XY cells. In conclusion, our data demonstrate that there is no principal incompatibility between the soma of one sex and the germ line of the other sex.
Evolutionary
Perspectives The analysis of genetic mosaics has established that most developmental decisions in Drosophila are determined by cell-autonomous genetic information. Nonautonomy in sex determination of the germ line therefore may come as a surprise. Investigations in other species, however, show that inductive determination of the sex of the germ cells by the gonadal soma is quite common. In sciarid flies, e.g., Sciara ocellaris, this is the natural way (Mori and Perondini, 1980) . This species uses preferential nondisjunction and selective elimination of X chromosomes to create a situation in which the somatic cells of males are X0, those of females are XX, and the germ cells in the gonadal anlagen of both sexes are XX. In a female gonad, these XX germ cells form oocytes; in a male gonad, they complete spermatogenesis.
In the blowfly Chrysomyia rufifacies, transplanted pole cells form functional eggs or sperm depending only on the sex of the host (Ullerich, 1984) . We suspect that the same nonautonomous mechanism also operates in the housefly Musca domestica in which, contrary to Drosophila, animals that are sexually transformed by a mutation are fertile (Inoue and Hiroyoshi, 1986) . In the hermaphroditic nematode C. elegans, XX germ cells form functional oocytes and sperm within one and the same animal (Kimble, 1987) . In the mouse, the testicular soma is necessary to dictate spermatogenesis to XY germ cells, which in an ovary or in adrenal glands initiate oogenesis (McLaren, 1983; Zamboni and Upadhyay, 1983; Hogg and McLaren, 1985) .
Thus, in many species, the germ cells use an inductive signal for sex determination. This is still clearly demonstrable in the more primitive Dipteran insects. In Drosophila, the somatic sex-determining signal can be considered an evolutionary remnant in a species that is heading toward cell-autonomous genetic sex determination of the germ line. The crosses were done at 25%. At this temperature, one copy of hs-tra-female is capable of imposing the female pathway on XY or X0 animals.
Transplantation of Pole Ceils
The technique of Van Deusen (1976) was followed, except that the syringe and the glass micropipette were filled with Voltalef 35 fluorocarbon oil. Donor eggs were collected at 25% for 3 hr, and host eggs at WC for 6 hr on standard Drosophila medium (cornmeal, sugar, agar, yeast, Nipagin). Between 5 and 15 donor pole cells, deriving from a single embryo, were injected into the posterior pole of a single host embryo. The injected embryos were kept at WC until the larvae hatched; these were then transferred into vials with fresh fwd and raised at 25% Tables 2 and 3 . The parents carried mutations that allowed us to infer the karyotype (XX or XV) of the transplanted @e cells from the phenotype of progeny in case the hosts were fertile. XY symbolizes a compound chromosome in which an X and a Y chromosome became attached to a single centromere.
For genetic symbols, see Lindsley and Grell (1968) and Lindsley and Zimm (1985) ; for Sxlfl and SxIM1 see Cline (1978) .
Criteria Used to Determine the Karyotype and the Phenotypic Sex of the Developing Germ Cells
When the host embryos had developed into adult flies, they were individually mated to appropriately marked test partners (see legends to Tables 2 and 3) ; in a few instances, they were dissected without prior mating test.
The adult hosts were dissected, and their gonads were placed in a drop of Ringer's solution under a cover slip. Some of the solution was then carefully sucked away until the tissues had flattened. The preparation was immediately inspected and analyzed with phase-contrast microscopy.
Females were kept for at least 3 days before their ovaries were isolated. Males were analyzed within 24 hr because germ cells of certain genotypes rapidly start to degenerate in testes. The sex of the germ cells was identified by morphological criteria. Wild-type egg chambers consist of 15 polyploid nurse cells and one diploid oocyte. The oocyte has a clear nucleus with a prominent, dark nucleolus while the nuclei of the nurse cells are larger with multiple nucleoli (see King, 1970 , and our Figure ID) . In testes, germ cells were classified as oogenic only when clusters of 15 nurse cells and an oocyte were present. This stringent criterion ensured that degenerating spermatocytes were not scored as nurse cells. Advanced stages of spermatogenesis were easily identifiable when spermatids or sperm were present. A spherical nucleus with a diameter of some 15 to 20 urn, a light center in the nucleolus, and the assembly of mitochondria around the nucleus identified spermatocytes (Meyer et al., 1961; Seidel, 1963; Cooper, 1965) . In the absence of a Y chromosome, spermatocytes form so-called crystals (Meyer et al., 1961 ) that serve as a reliable criterion for spermatogenesis.
The crystals have the shape of needles or stars (Figure 1) . depending on the allelic state of Stellete (Sfe), a locus on the X chromosome (Hardy, 1980; Hardy et al., 1984; Livak, 1984) . Our balancer chromosome FM6 carries the allele for star-shaped crystals, which is dominant over the allele for needle-shaped crystals present on all other X chromosomes used in our experiments.
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